A nonhuman primate model of clinical Rickettsia prowazekii infection was L-2 developed in cynomolgus monkeys (Macaca fascicularis). Monkeys infected intravenously with 10W plaque-forming units developed clinical signs of illness and pathological changes characteristic of epidemic typhus infection in humans. Increases in total leukocyte counts, serum alkaline phosphatase, blood urea nitrogen, and serum glutamic pyruvate transaminase values were observed. Microscopic examination revealed typical typhus nodules in the brains of two monkeys that died. These data indicated that the cynomolgus monkey is a suitable model for study of the pathogenesis of epidemic typhus infection and 0 may prove valuable in the evaluation of candidate R. prowazekii vaccines. Epidemic typhus is a louse-borne infection of ing and toxin-neutralizing titers for more than a humans characterized by a sudden onset of high year after infection. fever, headache, rash, weakness, and malaise.
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weighing 2.5 to 4.0 kg, were used. 
RESULTS
ston Purina Co., St. Lonuis, Mo.) and water ad libitum. All sampling of blood was done between 8:00 and 9:00 Control monkeys remained normal througha.m. (before feeding). Monkeys were observed several out the study. No changes were noted in ECG, times dailv for clinical signs of illness. Baseline values hematology, or serum chemistry values. The were established for each monkey during a 2-week clinical responses of all monkeys are summarized period before infection. Mean rectal temperatures in Table 1 . were based on five sampling days, and baseline hemAll inoculated monkeys became clinically ill atology and serum chemistry values were determined with signs ranging from slight anorexia and defrom four samples on each monkey. Rectal temperapression in the low-dose group to severe deprestures were recorded daily for .3 weeks after challenge, sion, dissociated appearance, nystagmus, and and postchallenge hematology and serum chemistry values were measured serially at selected intervals, head twitching in the high-dose group. Clinical Rickettsiae. The Breinl strain of R. prowazekii signs appeared 2 to 3 days after inoculation and was propagated in the yolk sac of embryonated lasted 6 to 12 days. Surviving monkeys showed chicken eggs. Rickettsiae were harvested from surviva marked febrile response beginning 1 to 3 days ing eggs when 50 1 of the infected eggs had died. after inoculation; rectal temperatures as high as Rickettsiae were titrated by the plaque assay method 41 0 C were recorded. Incubation time was longer of Weinberg et al.
(1). in the low-dose group than in the two higherHematology and serum chemistry. Blood samdose groups, and fever was prolonged as the pies collected in ethylenediaminetetraacetic acid were infecting dose was increased. Monkeys that died analyzed for total and differential leukocyte counts, hematocrit, total protein, and fibrinogen. Blood urea were initially febrile and then became increasnitrogen (BUN), serum glutamic pyruvate transamiingly hypothermic for 3 to 6 days before death. nase (SGPT). and serum alkaline phosphatase were Three of the six monkeys infected with 10 PFU determined by using commercially available kits (Maldied. The mean time to death was 7.3 days with linckrodt, Inc., Hazelwood, Mo.).
a range of 5 to 11 days.
Electrocardiogram. A six-lead electrocardiogram
The total leukocyte count of surviving mon-(ECG) was recorded on each monkey before inoculakeys increased from days 7 through 14 to as high tion and every 2 days during the febrile period. Monas 20,000/mm : 3 , whereas there was no significant keys were lightly sedated with 10 mg of ketamine leukocyte response in those that eventually died hydrochloride per kg for these recordings.
Pathology. Monkeys that died were examined for (Fig. IA) . The leukocytosis was due to an absogross and microscopic lesions. The tissues were fixed lute neutrophilia with a pronounced left shift in in 10'7 neutral phosphate-buffered Formalin, embedsurviving monkeys. ded in paraffin, sectioned, and stained with hematox-
Total protein values of all monkeys remained ylin and eosin for routine examination, within normal limits throughout the study. The Experimental design. Sixteen cynomolgus monheinatocrit of all monkeys decreased slightly due keys were randomly placed into one of four groups. All to repeated bleeding. Fibrinogen concentrations monkeys were injected intravenously, as follows: four increased slightly in all infected monkeys (from with 10' plaque-forming units (PFU) of R. prou'azekii (low dose), four with lOt ' PFU (medium dose) and six 100 to 200 mg/100 ml to 300 to 400 mg/100 ml). with It): I'FU (high dose); two monkeys were given 0.5 Serum alkaline phosphatase values in all inml of normal saline as controls.
fected monkeys were elevated on day 7 (as high Statistical analyses. Analysis of variance for reas 170 IU). Values returned to a normal range of peated measurements was used to detect differences 50 to 70 IU by day 14 in surviving monkeys, but significantly greater than any variability of individual baseline values (5). Significance of repeated measure-continued to increase until death occurred in the ments was based on the least-significant-difference others (Fig. 1B) the monkeys infected with 107 PFU of R. prow-key with low-voltage ECG recordings also had azekii the BUN was elevated 4 to 9 days after occasional thrombosis of myocardial vessels. infection. Values (9() mg/100 ml) were signifi-Two of the three monkeys had typical typhus cantly higher (P < 0.05) on day 7 in the monkeys nodules in the brain (Fig. 2) . These multifocal that died than in those that survived (Fig. 1C) .
lesions involved small capillaries with perivas-SGPT activities increased (from 20 to 80 [U) cular cuffing and accumulations of neuroglial from days 2 to 9 in the high-dose group. Values cells, macrophages, and plasma cells. Mild to in the two lower-dose groups remained within moderate meningitis was also observed in one normal baseline limits (Fig. ID) .
monkey. The ECG of one monkey showed low-voltage DSUSO recordings 24 h before death (day 10), when DSUSO compared to baseline measurements. The RWe have described a cynomolgus monkey wave amplitude in lead II was 0.4 mV, one-third model for epidemic typhus infection that closely lower than in baseline tracings. There were no resembles epidemic typhus infection in humans changes in the ECG of the other monkeys.
(12, 13). The intravenous route of inoculation Splenomegaly was noted on gross pathological was chosen because previous reports (1, 2) indiexamination of all monkeys that died. Microcated a wide variation in response after subcuscopic examination revealed various degrees of taneous infection. A more well-defined dose revasculitis with perivascular infiltration of lyresponse, both clinically and pathologically, was phocytes and plasma cells in the lungs, spleen, desired. Moderate to severe clinical illness with pancreas, liver, kidneys, urinary bladder, and fever was noted in all infected monkeys and was ,nyocardium. There were occasional areas of dose-dependent. Skin rash was not observed, mononuclear cell infiltration between myocarwhich is consistent with the low incidence redial fibers in two of the animals. The one monported by others (13). Clinical signs of weakness, 20 40 -
